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(72)3MH# 



(54) bsm©*!*] nsutvmmnmn^tt.zsv- 

(57) CBfcj] 

(1) raf>75 H ■ 7^->»HTXtt-e-©SMH«, 
i (2) 5S*e;^-^A««:T*4. *JA«. ^,3 

A D H \ZM.7Z~? Z>. NAD*?ft<, NADH«t£lO 

7--^A*»^5^S^s^ 5c Ifjj? jgjgj _fc CD N A D 

■^AsaTc-r^t. cnt4NAD*i:RD. lflrcon* 



< 2 > ftmV 1 1 - 5 0 7 5 3 6 

1 . ttt*mmm<Dmi£$iitL<Dmtt>T&< icjjij* izm^urzmm=Ft t a gsp^ 

4. IS^NADH^y, ±l£TAG#Ru (bpy) If* 

n 3 iztm<Dm7mmmm^ a 

s. ±nzmtM7tmmw^Miz®m#)izmmznTi\z. m*m7iz%m<Dss 

10. miz±mmtM7tmmm'£i*<Dm<m< icaes L7cm<i£^^ tago 

11. ±is&<b^7E5t^t&^<*#m&ic@^b£ftTi^ nt^m oiciemcD 
/w;i-te>-y-- 0 

(a) ±immmm^G&m£m*mi iztm(Dmtm7tmm&&to£z. & 

(b) mmmfrb<D<t¥5£1t<D&it$:M7£tZ>3Lm£. 



131 1 1 - 5 0 7 5 3 6 

6 fit -5. ;*^;4o 

13. ±nimfe£ : *m&v7)],-*>(Aizm?{.\Ti7t>ti^ 9**011 2iztm 

14. i^aft^^s/fc^iiissn/cifi^ 

16. Xfi^(H)^IC^ton-5, S3£Jg1 2lcie«(D^o 

17. ^^(cjfcB^mjE^/t^^LTttH^ikTAG^jgttfltiiciiaiai-r 

18. (a) ^#!K$:#W-r^<f:S(in^li*4^t»^]S7|cieK(D/W5l--ti> 

(b) xe (a) ©«*«Latt*4**a^*3t*^-r-5*#rcf+u, 
(c> pg^f zm%4t¥mft&MmuTm&%iv. 

19. 1 iclfittOK-fkSTc^lg^ijgijj^Sr^^^t;, ««Wk¥» 

ytfc&&&nmtz><D\zm%n/3i*y k 

ho 

21. ±K«^*a«B*MncH£<k<*n-a^ m^n i iznmomtmTtm 

22. SKk^Tt^SK^^-^si^iz^-r-S^icfc^T, 

(a) ±^mntm^m^ izim<Dmtm7tmm£&mn(Dmmmt&fem-f 

(b) B<k*K*0JR*-*C±:j&>e>J5t5» 



(4) 1 1 - 5 0 7 5 3 6 

fl*)(c^rcBtt7^»^(OWffl75:14M<hffim<b^^ (ECL) lc*:3<«&7 

2. want & 

txD-c^^o mm&mmi&nizm&zjLTiztzm-fz. 

**<t*mx (ecl) izm-j<Emmum&toiz£i*a-c3i>v. -eoiEis^, 
&m±<D®mz. fott&ton&i&mutei\z\£x*<Dmm*&xo*faiz&z>. 

ftlz&mtHECLmtVy (Yang) , H(DH3t (Bio/Technology, J_2, 1 9 

3- 1 9 41 (1 9 9 4^23) ) iCiettetlTtx-S. £7c, -^^-fe-r (Massey 
) <Dm*. (Biomedical Products (1 9 9 2^1 0E) ) % m C < *m¥iwft& 5 

, 2 3 5, 8 0 5f, SB5, 3 1 0, 6 3 7^#i©It. Ctl6©ltX r fccfc 

l^vOn— XBIackburn) , f? ( 1 9 9 1 ) :clin. chem. 3 7/9, 153 

4- 1 5 3 9HTIi, cn£<D»#igl2Jkr-£A (II) h'J* (tftfUvUU) 
» Ru (bpy) 32+i h'jyntf;UT^> (TPA) ©ECLJSJt 5> 
K (Leland) , H (1 9 9 0) : J. Electrochem. Soc. 1 3 7 : 3 1 2 7 ~ 3 1 
) ) 



(5) 



1 1 - 5 0 7 5 3 6 



. mtmWz.Ru (bpy) 3 2+©;SttIliRu (bpy) ^-NHSI^ 
X$>Z> 0 



-^'J >£MEbel ingK I? (*S*$m&5, 2 5 0, 4 1 5§) 
fflUTN A D/NADP «tflc??14^Hl-Xfltt7}c^MWD a nm<h^tt^lS]±$ 
(E. C. 1. 1. 1. 42), »»*tt»<OttffllC«fci.K -TV**** 

lisaiTii^n, cne>co^^(i2 o° ~ 5 o°c<D : ,&&mmxmw<D&mi±& 
yjkLxi^o z\nz<DMmtem¥WBmmizmv}x&z>£m7FZtixi\z>o 

wst^u-^iCcfcuM*e>n, frzmm.commwftbnrca^ (Yomo) , ^: 

5 -I^7ity>-^'J 3 N A D« ^*<D«ii£|fta¥ 
fi*JttM (European J. Biochem. (K^r*» (19 9 1^9^150). 200 
(3) 7 5 9~66I„ 5 -X^7x^v>-^;U3-^-flJi7K^SI^- 

NAD^ft (EP ( + ) -G I CDH-NAD+) ) IZt£V (X^U>^'J=1 
-^5-I^l/7xty>t/HU (I^U^'J^-^) -^NA + 

a<b3- (4, 5-^^-2-^7^^) -2, 5-y7i-^-2 I t 
-f hy^'JvA (MTT) £S*-g§tt<h UTffl 1^^>U3 -XSHbPtUiiStt 

>^<DSiJOte&S&&lCcfc<5 N A D HgP<7)^bT*-5o 




(6) 1 1 - 5 0 7 5 3 6 

w&m*(DT5.sm<DMmftimm. mxu^-^-D-^j^zi-x : nad ( 
p+) i -mtMTtmm (eci. 1. 1. 47) tfim^tsnxi^ ( 

Bozler) » H (Biochim. Biophys. Acta, 7 4 9t, 3^, 2 3 8-431) It 

?)i=x-*wi7kmmm&vi'> : &<DmT* (2-5 - /^-^^ u> 

So 

ISt$^>M^$:^C<D^ifT<^ftaW^f4Sli 1 9 9 2*f|C*B<b^ ( 
7v>h>DC) fiJ*T<M-Jk R. 7<>>"5V> (Poul R. Mathewson) <hva 
>. W. 7^ >U >r- (John W. Fin ley) mm<D r/\f *-fe>-y-- i&fti/fcfflj T? 

2 4, 8 3 5^ f&5, 2 2 9, 2 0 2^ 5 , 3 8 4, 0 2 8^|C^$nT 

»* (^<<tt>1 "3fi«i7k*»*-C**) <t. MB% (W^tfNADH, NAD 
PHX(ic*i£>(D*i*§<*) ^£>/£<5<, (Gordon) . m<D*m¥f¥t$£ 5 , 



M 1 1 - 5 0 7 5 3 6 

2 6 4, 0 9 m&*&<DZ\£.* 
%WTZfU-TtfXm&Wtm5, 3 4 0, 7 2 2§ (Wolfbeis 

) . m) icti^^nxfeu. 7^£>mmm (fmn, fad) % KfcB&&<j: 
*ft>tt*Tn*. i ^©^jRttiiftwwicja^s-a-fcN ad (p) +<Dmm&m 

ttlfcTfcSNAD (P) H ~T?$> IJ „ C^^p/iP^IJliit^nT^Tc C/t-V> 

(PerssonK ^19 9 1], n^^T^ K*iE^(i, »^<7);SttgB&(ci^ 

RWttt^-T*. ^2©#IftliECL^|$ (miiRu (bpy) 3 2+^S<* 



(8) 



1 1 - 5 0 7 5 3 



) 

-v&z. frfrzm&mitmmznTzrc m, i 9 9 1 ) 0 

(i) Kttty'g.\z2nmmwm.(DHtKD+mz&ymk-£nT. mnad 

CK-*-f (Downey) , 1 9 9 2) „ NADHIJNAD 
1 9 9 3 ; $y<r (Wuttke) . H) 0 

=1-* (£OU=i-*JJfc7k^i¥iii) % x*/-;u (T;u=>-;ufl^7jcmP^) fccfctf 

. r^VXDixon) <t E. C. (Webb) .mm (Tfii? •= v 0 • 

(1 9 9 7) ) CO 6 8 4~7 0 2 HlCSFiJ^ft/cfcCD) *>fiJfflT£<5. Ctl^CD 
S^JSiS^^^ttS (#J;t(£, iXrik f^-jH^fJk H) (CfcUNA 
DSfcliT AGgPCDtN-rn^lZ^-e^-5fflijm^Wr-5;S14gP&ifi< 007^ /SI 

(1) m&{fimmwm<. ^v#?^o>f&{&i\ um<D (m—^=f-±-c<D 

(2) BIX. NADH, ^-^A<k^W^«^TiSSt^[C^)^|5l-<D^ 

e>n-5^^<hi5i^(7)^^e>n. i ion ADH^^Sffgt^-so 



(9) ttmy- 1 1 - 5 0 7 5 3 6 

frE\7£<t-C£t£l.\£2:lZ. ttXDUm (NADH^Ru (bpy) 3 2+) Uftftm 
1 3 6^ ( 1 9 8 7) (03~3 4MlCgfl^$tlTtN-5 0 

mummztiTZfr (/t-vxparssonh 1991), zomtfcmmtR 

u (bpy) 3 2+-NHSl7f^ ( I G ENti, ;*'J-^>K:f+K Uv<?\i)\, 
T#7c) T£&£i±<5c:<h#-C£<5 (>^y*/\'-> (Blackburn), 199 

1) o c<A«fce>&^gfii-ci axfi^n^^^-^A^-jitt^T^-s (gLg 

(£3fctf)N ADH#tf) T"(Oli^-C(i. »^<OSttlC^D7c^t(i^O%m^ U 

(Cli^f -SliJ^^^^-r-SCiilc^-S (/tA • 'JTXPam Liang) • v 

-^XMark Mart in) ifcfijfr E C L mMk) * nm<Dffim* 2 BM>it^(£>?|<£ffl 

^ffiic^^TiHiiRii^T^-5) o «&ic. 3m<D-r^x<D^^m^mmizm 
&&}\z%)*izmmitTzz\£i*nm&xtn.K z\<d zmt^T* 1 -D^m&'&ft 
=?izfiyzrv >#zi*2>£mttmm<ttf-cz> 0 m.-ox. mm. j^-va. m 



• 



<10) nmW■^ 1 - 5 0 7 5 3 6 

:£;£#tefflT$<5 0 Ru (bpy) 3 2+-n H Sl^fJl/T ('J>->&fcT*) M 
&n (il^fcttt) £#!$t-<5^>£ ! fc&*nT&'5 ( I g e nfctCDftffiy-h) 0 

<DMfcm*'p<£<b2-D&z> 0 BP*. ftmmmiimiB\&izm^<<b<D£, ecl 

ttftT-(D&mm7£lZJ:Z*}<D£T~$>Z 0 ftm&mitM®& : ,£T~lZ E C L &-m<D 

ftwmmik* spt>. f^Tvmmm-w^izi ®&-t%<Diz&-?zmri\mizm 
fetz> 0 ftVrmnmi&tmii&mvHzmwT&t. 1 oo%*ioDgi^^ 

(Dmmmmx'bfcmx'zz. ECLs^ittr^fii^ic (mzi£mf±z/vwt 

LT) N ADH#;S1£tfj(cMJiLT. ^jfl'J^T^^ J: ^> (CSf^JS^^trP 

^-^A75:UTffifflT'^ (iSgl^i^) NAD (P) +) . t^NAD (P 

e^S14TXECL;gtt(0«T^NAD (P) H^(a^W^ffl-C$-5„ £fc 
, ^fz-JAECLiSttMMRu (bpy) 3 2+cr>ft ij |C<£fflT*£-5o 

ec L»je««(d:j>:oiitj 0 ftffi®nz*&w<D/^ ft=?(Dn&T 

T-M<tZi*T. NAD+#WttJSfc£NADH|Cfte&-t3o Ru ( b p y ) 3 2- ( 
TAG) (hNADHIiiliiSlTK^n, tnftlRu (bpy) 3 3+£ 
N A DH + -ift«, (^Ift^-CliN A D + <fc T A G (ilK7kft»ft(C£?rttl::i££- 
LTO£) . CCDNADH + -(£7fc^£BfgftlC*^T, NAD-^ t CCD 
N AD-|i^^^7ESiJ-C^>y v &t>tzmtmT~$>Z>R u (bpy) 3 3+£ 



I'D 1 1 - 5 0 7 5 3 6 

S^L/T^JRu (bpy) 32+^$-lgiie^[ct- -So ^©afittJISttiittC!) 

&ytmm&i&muTmfevim&-effimL. 6 2 o n m©»s«)3t?-*«tas-r-5. 

#£L<I2R u^f{b£-#3 (ffiliLlf;i/f-^AII HJXtftf'J 

i/-h) , o s#^b^^ffltNe>n§o ^^(D^ic^ffl^jEQS'jii^s^ 

1*1*15, 3 1 0, 6 8 7^|ClEK$nTfclJ. C©rt§liCtl^f 

Ru (bpy) 32+^«F*LtN 0 C<D&&$J3m^<Dl^f?$J(Dfcffl»|£— £ UT 

afittJIiOfB^lCsfcSftX*;^-^ Ru (bpy) 33+^NA D-OMmt 
¥W#^>v*JU©£;&*:*€?l\c:£IC«fc«5. m&&m<DRu (bpy) 3 2+*|i 
>l#<D£bfc&1St£&SUT»i«U 6 2 0 n m(^^^«iajt--5c CCDigflTR 
u (bpy) 32+07t0^lC^$n. fSKsJfeCCOJSJlS^iJ^^-rSo fi£t>T 

. §ec \-mte&$Qm3.&mmit'(*)i'tpizft?& sore. *«h4a«ioi± 

Ru (bpy) 3 2+ ^*J^SJ:b[iJ:t^fi*I©^/cj:^ST^lCgift'fb-C$-5 
WBS (PMT) TECLS^felf lC«[ai$tl-5^^^a]t- So Ag/AgC 



(12) 1- 5 0 7 5 3 6 

t>mZt£>UT7n— t;HClAU, (ramp) mK&nmWM U fSft£;liJ 

tUT^3EDi$S«fbt§. 3BJ£8L i^pH;5t«^J$aJUT-b;U^lC2»ALT 

m 

c L^<Dm^itmmiz=nm^mwLx^z>o mTikvemnMiznmzA g / 
Age i ®mnm-cM?£ufi:nE-c$>Vs Mtt*ffim&n:$ijii«£&« stot 

(*7 5 0mV/f^(OiigT5 6 5 7>£ 2, 8 0 0 mVs£±^U ^UTIaJ— i$ 
1 , 0 0 0 m V *T^'>t-^>o -fe;U*£;jftn<5m;7fcfi35 1 (c5*#T#lft<D8Ht 
<fc7jcM7K^<D^T^)^o MtlStRu (bpy) (DM* (OmtlZW 

7jpffijE#-i, 1 o omvica-r^xh^ic^D. mit?z> 0 &yt&mi* s mmm 
m<Dftttwn&wm2ftz&x&£mmE.izfoCTm!\?z>ft. c^&^te&g 

, 0 8 8§, 1^5, 061, 4 5 5§, ^5, 093, 2 6 8 ^» » 5 , 147 
, 8 06^ 1^5, 2 2 1, 6 0 5mzm7jk(Dh<D$:$fr. Ctl£> (Allien 

&n&tzz\£x*wmmizMmmizm&i£nZo miz. mjzzk-z&tamtuT 
&m*znnit¥tto&?tteft?i*xm¥i$fWi5, 310, 6 8 7^, ^5, 31 
0,68 7 mzmm<Dj^-o Ai^s-r o a<d zm^mm^m^mm^ 



(13) ftmW- 1 1- 5 0 7 5 3 6 

aEPSflXtt*^!!© (Hi*) 7-'-*T£>-5 0 

NAD + -7;^-^7Ki»j-Ru (bpy) ^jggjjEgjgjg 
Hi7K*8*a>N a D+«a#<h r u (bpy) 32+o^^|^^-ic^W6*J(Ci^ 

tz<T. tsuz*ttizft&?%Mmft=?T'$>z> 0 ^mztt-tzmmzm^zm 
£Atte&tomm^<D&ttum&&z*w£T*z\£-?&z&. &z>m£nzi^ n 
AD+^^xiiRu (bpy) zZ+mmi*£Eij&irz*m7Sis&mm<D&m& 

AD+XliRu (bpy) 32+^<*tS/^-r^^M7$y^[i^$i+n i :< < !: : b 

<fc<. &rziz (wmiZtemiiLiztt^TNAD+f&Mitvmwtemm&i&mtTz 

) PmS^. (N AD+^ttlC&^TR u (bpy) 3 2+gS#<f*<7)jHfl;S: 

&m&!&m£TZ>) E C Lfclfc<Dl\-fftlz*IUTmV)lz%lWUti<T ! b<i:l\ 

SfSlglS: NAD-ADH^<*(Di!{it CM. O. tyV> (Mosson) , H : Eu 
r. J. Biochem. 86. 4 5 5 ~ 4 6 3 (1 978) (CSrK ) 

ADH (,^ffFii7;Uzi-;Ufltt7K^»^ ->^w • *;W± % sxu-AHz 
>h-M7) $5 0mMMJx^75X pH7. SfTMtSo h'Jx 

^;uT$>^«>si. 3mi4>^ii5mg (4°o mmmmfoo. 1m 

M) ICNAD+Sflm* (N6- ( C6-7^y^\+v;U) -*;U/<t* )\,*^)\,) 



(14) 1 1 - 5 0 7 5 3 6 

Z&feit-fZ CC. ^7>^y\^^(Woeckhous), Bioorg. chem. 1 2. 4 5 
-5 7 ( 1 9 8 3 ) ) . * y ^'J 1 -1^-3 (3-v*5^U7 

$yyptf;U) -^UtKsMSH (EDO <tN-tKP*y^->W$K ( 
NHS) £#H\T5 0 0^2 5 0 fg^UigPJT (Ha^-«{*-C^<5P^-y ^ 

^■-y ^mmizn^x) mm-fz> 0 EDciii 2^mn\mxAm^^xmaL. 

it. S^tf(*P H$:N a OHS:^iPL/T7. 5 IC«"D, 4 8 B#Pd)(D£J&^ 

C©jg}$£5 OmM^JyX 5 OmMlMt h^A3 I, pH7. 5 |C*t 
1 fomft?2> 0 fc^T. 5 0mMf^^3 I s pH8. 0 (C*t 

LT3|hI (Ml(i;JK<!:t>6B*IH) S^rfS. 
3S2gB:NAD-ADH-Ru ( b p y ) 3 2+fc£tt<0jHjt ( B . CL. 

(Plapp). If : J. Biol. Chem. 248, 3470 — 3475 (1 973) (CS 

±IE"C»JtU/tNAD-ADH*^i*iSjK (5 OmM NaHC0 3 *, pH 

8. o) fce^i/-;u*«»aiflti omM*T3Ba«u (aw*a» nad+$i 

«lS2mM*«f So ;5tt»©7$yili2. 1 M7tK5 KMX 
3MU-HCI (y^7 • <r*^;Utt) €$ftl bt7t h-f * *JMct* (Ri&g 
m&S%fi£i-H*mmi}nT2>J:?%ii!QT2>) . (2. 1 M7t h-f 5 KKi^KJD 
I?»;8>R**rL<ffoifcU PH£8. OICSMTTS) o C<£>£/£li2 5°CT1 B# 
POmv MIC7'-feh'f^ KMx^U$:3lHn^p B 1Sic^jpT-5 (£J5JC&B$|«=4 
H^bI) „ C<D!I6K£:#:UT 3 3 mM lJA,gSf^~ MJ 9 A, 0. 5mM EDTA 
, 2. OmM7f/v>- : By^7i-h, pH8. 6 lC*tLT\ J&UT'O. 
2Ml^th^A l pH8. 0lc*tLTj£KH(Ci8«f-r*. *g&'Ji>>#S 
NAD-ADHiRu (bpy) 3 2+<£> n H S X*^;Uii^# (IGENtt, > 

'j-^>K^^-<t>--x/\'-^) <t*wii$n/t^ia[-cRjc*-&-5 0 (& 

») Ru (bpy) 32+*«|»14««jS5g|c»UTja«rUTI»*r«. 

]±&-f -5<h. h£U* 1 0<DR u (bpy) 3 2+#|_ y s 2 2 8 



(15) 1 1 - 5 0 7 5 3 6 

BXiiinT^S C^l/y-ry (BrandenX ^ : Bxperientia Supplemental 3 6, 

J. vi7 'J -< (Jeffrey) H : fBtfrmmm. 6 2~3MD. 
H*SffiJ2 

N A D + - A D H - R u (bpy) ^temZteOTZm 

S»;£1 <h 2(iM. -O. XMonsson) , H : Eur. J. Biochem. 86 

. 455-463 (1978) IC*0*<. 3 li N A D + - A D H t R u ( 

bpy) g+^mz&ZJL* S -)\,<Dmm&&&tfft1t&fto^mt^%%l£ 

C<0^»)*(i@^bN A D+*S{£K*£ N A D H^(m^|cM7ct-^o i£^rS](7)S 
Jft(2£i;ft:li (CO^llSli^SilJ-C^S) . 3 4 0 n mTtf)i!&ft£<E>iifln{2 
HSflsBJRN AD+J«(tt<*(0ail8*^ (AE 340 = 6 2 2 OM-1 cm-1) . 

. 1 MU^Btf-MJ£AlI*iS (pH 7. 2) izmn-f* (^ImM). Z<DM 

^25. o ± o . i tTf^bt*. 3gJ?x^ y -;u (m$*Mm= soo^m 

) $:/Jx§^Ap-r^o 3 4 0 n m-C<D±VSllt&mt£mm? -So 
2 : #tt#g;!'J5M££«>£ 
C(D^S;*liB^^{* (NAD + -ADH-Ru (bpy) 3 2+) gt®±(D@ 

a d Vn a d H&mmmznumzitZo adh g<*#x*y 

35£v7t|x^— (v^V • <r = *j;Utt) S:»ITNADH-ADH-Ru ( 
bpy) 3 2+£N AD + -ADH-R u (bpy) 

ifttNAD + -ADH-Ru (bpy) 3 2+(7^«T(;i;, TlSOjg&^-tzJU* 
•Cil^-T^ :0. 5Mh'J7 (pH8. 5) 2 0 0ml, 0. 1 %-fe?^> (7]c 
iSiiSMS) 1 OOjU I, 3 0 m M I N T-/t>f ?H/y h ( 1 OmMU/u^ 
igUffi&'K pH7. 5. 10% DM SO, 0. 0 1 XatiB*&31*^» 1 
Owl, v7*7- If (1 OmMiJAy&ig* 1 Om/m K pH 7. 5) 10m 



(16) 1 - 5 0 7 5 3 6 

I, ADH (XliNAD-ADHXIJNAD-ADH-T AG) 30ml, 10 
0 /xMX*y-;U6 5 0 /il, C<E>>I^!J<E>qaftjg£ 4 9 0 n mT*#}tftglt£ 

zommmtmrnmi (±ie) <fcEH$icu-aTe>#» x*/-;u<d«t<di!& 

^tS^P^il'J^-r^fty (c&t<U<z>B%tt£tt;8;g (x*/-;u^ap;mJS^AaT* 

) £ I GE ECL##Tft ( I GENtt, *y-^>H*L 

£fflUT;JUJ^-T 5o X* / -;U##£U£(,\<t#l;i:. Bi!Ml^<*li N A D + - A 

dh-ru (b P y) 3 2+ (immt^mytm om-z&Zo x^y-^T-b 
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